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‘o Characterlstlcs of the AGILE
zTGF sample

"TGFs and global lightning
o " activity
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« Localization “of TGFs in
gamma-rays from space

. High energy spectrum
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Data from: Smith et al. (2002), Meegan et al. (2009), Labanti et al. (2009), Tavani et al. (2009)
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30 Csl(Tl) bars with Photodiode readout

1400 cm? geometrical area

~300 cm? effective area @ 1 MeV

330 keV — 100 MeV energy range

14% energy resolution FWHM @ 1.3 MeV

2 us timing accuracy in photon-by-photon mode

Clever, fully-programmable trigger logic on time
scales from 8s to 16ms, 1ms and 300us

Labanti et al., NIM A (2009): instrument paper
Fuschino et al., NIM A (2008): trigger logic
Marisaldi et al., A&A (2008): GRB detections
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MCAL TGF detections
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1ms + other
B 16ms and/or smb-rrs

INAF ‘

~10 class A TGF/month

~ 5 class B TGF/month

24 months 1st AGILE TGF
catalog in preparation
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2 AGi-LE TGF sample m
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Average properties
A AND B class:

Number of counts =
14 +/- 9

Duration (=
(0.8°+/- 0.4) ms ;
Energy =

(4.0 +/-1.7) MeV
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I agl TGFs in gamma rays m

IASF Bologna
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| Search 1{e]g GRID events in temporal coincidence with 119

MCAL TGFs detected between Jun. 2008 — Dec. 2009
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13 GRID events within 2 ms from TGFs TO0!
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TG/12809-19 in details [EEY
A201P Oct{16.20:44:55 UT) ===

g ’ ‘1‘ GOES IR image ~5 minutes
O <//// before TGF

Counts /0.2 ms

TRMM-LIS pass ~1 hour
before TGF




Gegraphlcal distribution m

IASF Bologna
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Distance East from footprint (km)

Event clustering at < 400 km from AGILE footprint
Consistency with pervious detections based on RHESSI TGFs and sferics
(Cummer et al., GRL 2005, Cohen et al., GRL 2010)




fmulative spectrum m

806 photonss 142y E> 10 MeV 26 y E> 20 MeV IASF Bologna
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Conclusions
@
f Y, _
. AGILE is an important instrument for TGF science:

IASF Bologna

- energy range extended up to 100 MeV
- the only one with <1ms trigger logic

- photon-by-photon with us timing

- ~equatorial orbit

« AGILE detects ~10 TGFs / month with current selection criteria.
Rate can be 50% increased with improved offline selections

« 7% TGFs can be localized in space by means of the AGILE
gamma-ray imager.

. Energy spectrum seems harder than previously expected,
challenging current theoretical models.
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|gh energy calibration m

IASF Bologna
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Giuliani et al-, ApJL 708 (2010) L84




| " Terrestyial'Gamma-ray Flashesm
- L'!'G F) IASF Bologna

Gamma-ray flashes with incoming direction compatible with the Earth
surface.

Few millisecond typical duration; hard spectrum (up to tens MeV)

Discovered by BATSE (Fishman et al., Science, 1994) and observed
by RHESSI up to 20 MeV (Smith et al., Science, 2005)

Clearly associated to lightning discharges during thunderstorms by
means of correlation with VLF sferic waves detection on ground (Inan
et al., GRL, 1996; Cummer et al., GRL, 2005)

>2008: Observed by AGILE and Fermi-GBM

2009: AGILE reports energy up to 40MeV (Marisaldi et al., JGR
2010)

Geophysical phenomena observed from space by instruments
designed for gamma-ray astrophysics
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ATSE dlscovery of TGF m

IASF Bologna

~ 70 TGF detected on 9

life-Years
typically 100 counts/TGF
~ = Main limitations:
m - On-Board Trigger Logic

performances (shorter

70 .
il timescalef64ms)-
o |
0 5 10 15 20 0 5 10 15 20 0 5 10 15 200 5 B Large StatIStlcs BUT

t(me) only 4 energy bins for
Fishman et al., Science, 1994 time-tagged events

Signal (counts/0.1 ms)




*RHESSI detection
up to 20 MeV g
L

TGF Distribution
with lighting
frequency

per km? per Year

o’ Smith et al., Sejence, 2005
M’

\V
p Py P f

“ Contiuous time-tagged evdnt list’
| " NO ON-BOARD TRIGGERLOGIC
el 10— 20 TGF per month
Typically 20-30 counts/TGF
~800 TGFs reported in the 15t RHESSI TGF
catalog (Grefenstette et al., JGR, 2009)

c 2 4 6 8 10



RREA Production model m

IASF Bologna

Relativistic Runaway Electron
Avalanche (RREA) with relativistic

feedback (Dwyer 2008)
Bremsstrahlung + Compton scattering

RHESSI cumulative spectrum is
compatible with a production altitude

13 g/cm’ N of 15-21 km (just above tropical

10°L | NG thunderstorms)

e —JUglenr s “u

50 o/em? Still hint for individual spectral

I el variability: differences in production
ek - altitudes or vieWing angle?

r — 130 g/cm’ not beamed \ BATSE evenfs seem produced at

[ & RHESSI counts highe-r—-e_lltitude (two_different |
10! L 1 populatlo_ns?) but.dlscrepancy is

0.01 0.10 100 10.00 reduced if dead-time effects are

properly accounted for (Grefenstette

E (MeV) et al., 2008; Ostgaard et al., 2008)

Dwyer and Smith, GRL (2005)
Carlson, Lehtinen and Inan (2007)
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AGILE is good (Y

bF sc|ence? IASF Bologna
I\/ICAL energy range IS extended up to 100 MeV: probing

the high energy tail of the TGF spectrum

 Efficient trigger at ms and sub-ms time scale (the TGF time
scale): not biased toward brightest events

. segmented independent detectors: low dead time and
pile-up

. photon-by-photon data download for triggered events with
2us time resolution

« <100us absolute timing accuracy: mandatory for sferics
correlation

« AGILE orbit at 2.5° inclination is optimal for mapping the

equatorial region, where most of the events take place, with
MDICCCOUCTIIC( CXDOSUIC
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Regcent developments m

IASF Bologna
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MWservatibns

_(space gh8ervations by Fermi and AGILE

Z airplang oPser 'ati.o ' (the ADELE experiment)
Climatglogy ‘W' - ¢,

2 RHESSI TGFs v§ ',t’n' g occurrence and
tropopause heig ~‘m| et al. )
odeling e

Py PN .

4 relativistic feédba K, flux and dose estimates
,(Dwyer 2008, 2010) - aa

_ VLF signature of relativistic runawaﬂ electrons
(Fullektug et al., 2010) ’

« New missions

- ASIM, Taranis, Firefly
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I\/IC L Burst Trigger Logic m

IASF Bologna

Long (SW evaluated) time windows:
64ms;256ms, 1.024s, 8.192s
4 spatializones and 3 energy ranges

\ .
L Short g\ 'evaluated) time windows:
: SORsmilisecond, 1ms, 16ms
A Fi ggger logic at ~1ms time scale
| T & 1A

~Mery flexible: more than 20Q0 parameters
* for full’eonfiguration; dedicated.look-up
_tables to accept/reject triggérs

Current threshold séttings:
o 16ms: >22 counts
e 1ms: >10 counts
o 293ms: > 8 counts




r%ger selection m

er: Hardness Ratio IASF Bologna
'

>1.4 MeV) /(n.evt. E<1.4 MeV)

a to reject "i'g\[lown Instrumental triggers: HR > 0.5

4

All other

/ triggers

Fraction of triggers

instrumental
triggers

1
Hardness Ratio




A@IE s RHESSI:
IOn |tUdetand Iocal t|me IASF Bologna

18t RHESSI TGF catalog
Grefenstette et al., JGR,
(2009)

selected RHESSI TGFs in
a +/- 2.5° |latitude belt

(like AGILE orbit) T, < 18t
Jan. 2006: 84 TGFs

T T o : o o Vil Longitude and1ocal time
distributions are
compitible

double peaked feature
on South East Asia _

sharp cut on western Africa

Normalized counts

/////
zzzzz
//////
//////
//////
zzzzz

late afternoon

e occurrence peak
10 12 14 16 18 20 22 24
Local time (hours
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e contours: Chi—Squared
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Parameter: foldE (keV)

cutoff powerlaw
fit the 0.5-30 MeV range
o= -0.6+/-1.0

E, = (5.4 +/-3.0) MeV
red. = 1.1 (5 d.o.f.)

normalized counts s~ key™'

P
Y

104
Energy {keV)

Parameter: foldE (keV)

Spectral parameters are poorly constrained due to limited
statistics

011026-1 spectrum is compatible with cumulative A
spectrum | :

Parameter: Pholndex

Need more bright events
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NMICAL vs RHESSI

RHESSI IASF Bologna

40-d=gres bsam --—+—
S)-dasgeebsam X

Photopeakl A, ~110 cm2 @1Mg

Photopeak Effective Area (cm2)

Sourca Enangy (Mav)

on-axis beam
40-degree beam --—+---
80-degree beam <

~300 cm2 @1M

eff, M

Smith etl’, (2002)

Effective Area (cm2)



:E'vs RHESSI:

mUIaitive SpeCtrum IASF Bologna

cutoff powerlaw
 fit the 0.5-30 MeV range

"fo=0.4+/-0.2

E, —66+I 1.2 MeV
red X 15(34dof)

+,.
ﬁ H%

| ﬁj ! ﬂﬁw f

- RHESSI
i —

cutoff powerlaw
- fit the 0.5-20 MeV range

" a=-01+/-0.3

- E, —44+l 1.2 MeV

5| red X 08(18dof)

Hy

1000 zuoo 5000
Energy {keV)

Spectral shapes are compatible

e

w

1000 2000 5000

AGILE model fits well RHESSI data too
BUT AGILE seems to select a harder population




IASF Bologna
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Parameter: faldE (keV)

Parameter: Phelndex Parameter: Pholndex

Spectral shapes are compatible
BUT AGILE seems to select a harder population




Counts per 20 us

Energy Channel
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IASF Bologna

AGILE TGF 11026-1

2009-06-12 11:01:59 UT
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Fermi:

+ larger effective area and lower threshold: more
statistics on single events

- trigger on time >=16ms: less events, brightness bias
(AGILE triggers on >=290us)



GFs from space?

IASF Bologna

©
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¢+ MCAL detected TGF
4 photons up to 40 MeV
"~ and possibly above

¥+ So, why not looking for
. detections in the/AGILE
gamma-ray imager
(GRID) sensﬁlve above
20 MeV?

o It would be the first
direct localization of

MCAL non-imaging - L
e TGFs in gamma-rays
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.

Aging

I (1 ///%7//
wit AGIL,ItE GRID y

'QL.

)
B,
o

NN \\t\\§ nnn

N
& \

.\\
R

X
N

N
N W NS n
\k A A

NN

2
A

L
\
N\

N
NN
N

N
N&

EARTH



, %from space
witlh AGILE GRID

1. Ao filterifig disabled
~ 100, days betwgen 2008 009
for tst purposesh o

Cannot be default because of telemetry limitations

A1 O A~



Imaging § from spac
witlh AGILE GRID

. 2. Sometimes the albedo filter
can “mistake” a track with the
complementary one

ﬁ /e

N’
“///
(7 m. . i

/ﬁi—f

Lo W/ %/// 4

fo _

So, events coming from the Earth can % /

be accepted by the on-board filter and
sent to telemetry:
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Do GRID photons come directly i At

’ o o ? IASF Bologna
the production region*
\
AGILE
.“ /‘"
15-20 km
-
the incoming photon direction tracks the the incoming photon direction DOES NOT
production region. tracks the production region. No way to be

aware of it. Is it probable???

A\ \/ ] all Arral A~ Do QL a
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Do GRID photons come directly m
/# from the production region? = ™"

/540 km
AGILE

‘
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e
8 g
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gamma cross section in air

1.00E-001

-""
ll‘/
/
,I
/
1.00E-002 /
;
—Compton Scatter. ;"'/ ’ Y
—Nuclear Pair Prod. f
Total /
/
1.00E-003 /
.‘/‘
;
¢
.""
."’" ’ 4
& ' 40 km
! l,"',
/ “
1.00E+000 1.00E+001 1.00E+002 1.00E+003 5 r
¢ -

Energy} (MeV)

Compton and pair production cross section in 15-20 km

air become equivalent at ~25MeV:
Compton interaction for low-energy GRID
events cannot be ignored

<3% probability to scatter above 40 km: the
GRID photon tracks the source within the
angular resolution
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L 4

plications for nar @

production models
%

L 4

IASF Bologna

10.0000 50 MeV

Roussel-Doupre et al.
Sp. Sci. Rev. 2009

High energy photons track well the electric field orientation at the source
A new tool to probe remotely the production site electric field
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